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Abstract 
The accelerating process of urbanization has brought on rapid development of urban scale, building structure, human activities 
and social environment, etc. Such process has undoubtedly enriched people's lives, but meanwhile, the urban fire situation has 
also attracted more and more attention. One important reason is that in urban areas the major fires have become much more 
frequency than ever before and the economic damage as well as the casualties caused by urban fires is also much huger. In this 
paper, based on the original fire data recorded by fire fighting departments, the urban fire distribution characteristics on temporal 
and spatial scales of some typical Chinese cities which present different urbanization features are analyzed. Besides, some major
causes of urban fires occurrence are illustrated. The results of this paper are hoped to provide some scientific supports for the fire 
planning in Chinese cities. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
As a social product, the fire is inevitably affected by various socioeconomic factors. China, as a developing 
country in which the process of urbanization is continuously accelerating, especially requires an in-depth study on 
the domestic fire situation, which is of great significance for the fire department to carry out scientific and efficient 
fire prevention and control measures. To date, most of the research on fire treats it as a natural science and 
emphasizes mainly on the specific and microscopic aspects while often neglects the social nature or macro features 
of the fire.  
Urban fire, as an important issue that has certain effects and constraints on the   sustainable development of a city, 
is closely related with a city's social and economic development. So far, some studies have paid attention to the 
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relationship between the fire and a variety of socioeconomic factors or weather conditions [1-3]. However, the scope 
of these studies is either too large, such as the nationwide, or just limited to a particular region, and is mostly biased 
in favor of micro and theoretical research, lacking of a systematic comparative analysis. Although China is now in a 
stage of rapid urbanization, levels of urbanization in different cities or in different districts of a city are of noticeable 
difference, thus what the difference is between the fire situation on the contexts of different urbanization level also 
need to answer. 
So far, with respect to the concept of urbanization, there have been a lot of different angles of explanation, in 
which these two interpretations are generally recognized [4]. For the first one, urbanization is treated as a static 
concept and its meaning refers to the proportion of urban population in the community's total population, the 
proportion of the urban economy in the national economy, the status of urban lifestyles in the social life, etc. For the 
second one, urbanization is treated as a dynamic concept that encompasses a conversion process of the demographic, 
socioeconomic structure, geographic and social life style. According to these two concepts, this paper chose Beijing, 
Jinan, Hefei these three Chinese cities with typical urbanization characteristics, making comparative analysis on 
their fire situation, with attempt to resolve the temporal-spatial distribution of urban fires from the angle of the 
urbanization process and find out some of the key factors leading to the frequent occurrence of urban fires. The 
result of this work is hoped to provide some scientific support for the fire prevention measures and urban fire 
planning. 
2. Analysis on the fire situation under typical urbanization characteristics 
2.1.  Fire situation under high level of urbanization: A Case study of Beijing 
According to the Beijing Scientific Research Center’s study report on the evaluation of urbanization process in 
Beijing[5] (item code: KT0608), to the end of 2004, the overall level of urbanization in Beijing has reached to 
83.6%, indicating that Beijing has entered a high level of urbanization process and its urbanization growth rate will 
gradually slow down. 
Figure 1 shows the monthly number of fires in Beijing during 2006 to 2008. It can been seen that the high-
incidence season of fires in Beijing is usually the first quarter of each year, while in the subsequent three quarters 
the fire situation is mainly in a relatively lower level. Since the first quarter of each year in the northern cities like 
Beijing is the coldest winter, the consumption of electricity and fire is at a high level throughout the year and people 
usually stay in the house, thus it is more prone to cause accidentally careless use of fire or electrical fires. Besides, 
the Spring Festival is usually in February, when fireworks can easily cause fires. As a result, the fire situation in the 
first quarter is much more severe compared to other quarters of the year. 
Figure 2 shows the monthly direct economic loss (unit: million) caused by urban fires in Beijing during 2006 to 
2008. It can be seen that the direct economic loss caused by fire is mainly concentrated in the first quarter and fourth 
quarter, especially in winter. In addition, comparing Figures 1 and 2, it is found that the overall situation of urban 
fires in Beijing is easing, i.e. the monthly number of fires and the economic loss caused by fires in 2008 are obvious 
lower than the former two years. Previous research has shown that there is some relevance between the fire situation 
and the economic development situation, that is, along with the economic development, the fire situation will first be 
serious and then gradually be easing [6]. As China's political, economic and cultural center, the urbanization level of 
Beijing also reflects to its economic development level to some extent. When the economy develops to a certain 
extent, the fire situation will tend to ease. The fire situation of Beijing is obviously a manifestation of this law. 
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Fig. 1. The monthly number of fires in Beijing during 2006 to 2008 
Fig. 2. The monthly direct economic loss caused by urban fires in Beijing during2006 to 2008  
2.2. Fire situation under accelerative urbanization process: Case studies of Hefei and Jinan 
Hefei, the capital of Anhui Province, located in central Anhui, is the political, economic, cultural, information, 
financial and business center of the whole province. Because of the restriction of its geographical location, the 
economic development of Hefei is relatively behind the southeast coastal cities and its urbanization process is also at 
a relatively steady stage of development compared to those developed cities in China. Jinan, the capital of Shandong 
Province, is an important strategy city in the middle and lower reaches of the Yellow River. As the political, cultural, 
economic, financial and education center of Shandong Province, Jinan is also a coastal open cities and one of the 
fifteen sub-provincial cities approved by the state. Because of the geographical differences, Jinan, as a member of 
the east Legion, is relatively more developed in economy and higher in urbanization level compared to Hefei, a 
member of the middle Legion. 
Figure 3 and Figure 4 shows the monthly number of fires during three consecutive years in Hefei and Jinan 
respectively. It can be seen that winter is also the high-incidence season of fires both in Jinan and Hefei. Comparing 
the annual GDP of the two cities, as shown in Figure 5, it is found that the economic development of Hefei is indeed 
lagging behind Jinan, but the economic rise speed of Hefei is very fast, just similar to the accelerating economic 
development of Jinan. The relevance between the fire situation and the economic development indicates that, along 
with the economic development, the fire situation will first be serious and then gradually be easing [6]. Take the city 
of Hefei for example, the economy of this city is currently just beginning a period of rapid development, thus the 
statistical results of the fire situation is accordant with the rule of the impact of economic development on the urban 
fires. Statistics show that, in Hefei the largest direct economic loss caused by a single fire in 2007 is 4.45 million 
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Yuan, in 2008 is 6.55 million Yuan and on November 17th, 2009 the major fire occurring in the Zhougudui 
agricultural products wholesale market caused a loss over ten million Yuan. Therefore, in the phase of accelerative 
urbanization process, the urban fire situation will become serious as the economy develops. Such law can be proved 
by the annual direct economic loss caused by fires in Hefei, as shown in Figure 6. 
Fig. 3. The monthly number of fires in Hefei during 2007 to 2009               Fig. 4. The monthly number of fires in Jinan during 2006 to 2008 
Fig. 5. The annual GDP (unit: hundred million) of Jinan and Hefei              Fig. 6. The annual direct economic loss caused by urban fires in Hefei 
Wang J H et al. / Procedia Engineering 11 (2011) 437–444 441
2.3. Fire situation under low level of urbanization: A Case study of Changfeng  
Changfeng, a county under the jurisdiction of Hefei, is one of the national commodity grain base counties and the 
national production base county of commodity pigs. Although the economy of Changfeng in recent years has 
maintained good development momentum and the pace of urbanization has also gradually increased, compared to 
urban areas, its urbanization level is obviously much lower. Figure 7 shows the monthly number of fires in 
Changfeng during 2007 to 2008 compared with three other urban areas. It can be seen that the fire situation and the 
law of fire development in a district with a low level of urbanization is quite different from that with relatively high 
level of urbanization, which is embodied in two aspects. First, the annual fire frequency is much lower and second, 
the periods with frequent fire occurrence distributed throughout the year, with winter still be a relatively frequent 
periods of fire.  
Fig. 7. The monthly number of fires in these four areas during 2007 to 2008 (a) 2007; (b) 2008 
Fig. 8. The monthly number of fires in Changfeng during 2007 to 2009 
2.4. Discuss on the relevance between fire situation and the level of urbanization 
According to the analysis in sections 2.1 to 2.3, it can conclude that the development of urban fire situation is 
indeed closely related to the urbanization level of a district. The urbanization level can also to some extent reflect 
the degree of a city’s social and economic development. The reason why the fire situation in Beijing shows an 
improving trend with the development of a high urbanization level is the increasing degree of fire prevention 
strength and public awareness of fire prevention, as well as the improvement of population quality. These factors all 
reflect the inhibitory effects on urban fires brought about by rapid economic development due to highly developed 
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urbanization. This feature is similar to the fire statistics in some developed foreign cities, such as the easing process 
of fire situation with the economic development in the United States and other countries [6]. 
Nevertheless, every coin has two sides. The economic development can not only inhibit the fire, but also can 
increase fire risk. For those districts in which the urbanization level is originally lower, for example, Jinan and Hefei, 
the acceleration of urbanization, from another point of view just means the increased use of natural resources. As a 
result, with the accelerating process of urbanization, the amount of flammable materials such as plastic products, 
clothing, fabrics, paper products, organic coatings, paints, etc. increases rapidly, and the accumulation of these 
flammable materials also gradually increases. Meanwhile, the increased use of energy such as naked lights, 
electricity and natural gas in urban residents’ lives also greatly raises the probability of fire occurrence. 
For Changfeng county whose urbanization level is lower, on one hand it is the natural condition that causes its 
low occurrence of fire incidents, on the other hand due to its current economic structure which is still mainly 
agricultural and animal husbandry while industry and construction is in initial development stage, the amount of 
flammable materials is much less and the consumption of naked lights, electricity and natural gas in residents’ lives 
is also lower. As a result, the spatial and temporal distribution of fires in Changfeng shows a state of low overall risk. 
The roles of inhibition or increasing on the fire risk played by the economic development are two aspects of a 
contradiction. As for telling which aspect is dominant, the key lies in what stage the urbanization level is in and 
what extent the economic has developed to. 
From a perspective of economics, the fire is similar to the environmental pollution i.e. the both represent a 
negative externality. At the stage when the urbanization process begins an initial or accelerated development, people 
will not immediately notice the adverse effects of these negative externalities on the urban fire risk, while are more 
concerned about how to make faster urban construction [7]. Only with regards to the fire-fighting facilities, in 
current Chinese cities the public fire protection facilities and fire equipment allocation is still seriously lagging 
behind actual demand, especially for those urban-village areas generated in some rapid developing cities [8]. In 
addition, people’s awareness of fire prevention is also lagging behind seriously. In such case, the factors that can 
increase the fire risk will occupy a major position, i.e. the fire situation will become serious. When the urbanization 
develops to a high level which also represents a developed economy, people will begin to have spare capacity to 
control external problems, thus the factors that can release the fire risk will occupy a major position and the fire 
situation will level off and even get better. To conclude, a more comprehensive relevance between the urbanization 
level and the fire situation this paper argues is this: at the stage when the urbanization level is lower and the 
urbanization process is relatively slower, the fire situation will tend to present an average distribution in both spatial 
and temporal scale; at the stage when the urbanization level is lower but the development speed is accelerating, the 
fire situation will tend to become serious as the economy develops; when the urbanization level is quite high and 
steadily developing, the fire situation will tend to be moderating with the economic development. 
According to the fire statistics of American during 1988 to 1998, a variety of data including number of fire 
occurrence, number of casualties, direct loss, etc has steadily decreased [9]. The reason is that the American has 
long been in a stage of high developed urbanization level and economy. Nevertheless, the fire situation in developed 
countries has also undergone a process of tending to be more serious when the urbanization was in the early days. It 
can forecast that the fire situation in developing countries will also tend to be moderating when the urbanization 
level develops to a certain extent. In general the urbanization level of most Chinese cities are similar to Jinan and 
Hefei, i.e. in the period of accelerated urbanization process, thus the fire situation will tend to be more serious with 
the development of urbanization and the rise of economy, but the possibility of a turnaround fire situation should not 
be rule out in some developed cities such as Beijing, Shanghai and other areas with high level of urbanization. To 
some extent the correlation between fire situation and urbanization level of the city of Beijing can represent the 
trend of Chinese urban fire situation after a highly developed urbanization level in the future. 
3. Analysis on the main causes of urban fires 
 Based on the above analysis, the fire situation in Hefei and Jinan is similar to some extent, besides, the two cities 
are both in the stage of accelerated urbanization process that represents the current development state of most 
Chinese cities. According to the correlation between the fire situation and the urbanization level obtained 
hereinbefore, the fire situation of the two cities in the future is not optimistic, i.e. at present the fire situation in most 
of Chinese cities will still be in a serious period of time. As a result, it is important for the fire departments to know 
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which factors are more prone to cause frequent urban fires and subsequently take pertinent and effective fire 
prevention measures according to the characteristics of these factors to control the occurrence and loss scale of 
urban fires. 
Figure 9 and 10 shows a distribution of urban fire causes in a shorter time scale. It can be seen that the electrical 
fires occupy the largest proportion among all the known fire causes, followed by the careless use of fire in everyday 
life. While In a longer time scale, for example, the distribution of urban fire causes in Hefei during 2000 to 2009, as 
shown in Figure 10(b), presents the same distribution characteristics as that in a shorter time scale. As a result, in the 
cities where the urbanization process is in an accelerated stage, the main causes of frequent occurrences of urban 
fires are electrical fires and careless use of fire in everyday life, thus for the fire department it is important to guide 
the society rational use of electrical installations and strengthen the fire monitoring and effective guidance of fire 
prevention and control in residential districts. 

Fig. 9. The distribution of fire causes in Jinan during 2006 to 2008 

Fig. 10. The distribution of fire causes in Hefei (a) during 2007 to 2009; (b) during 2000 to 2009 
4. Conslusion 
In this paper, based on the original fire data recorded by fire fighting departments, the urban fire distribution 
characteristics on temporal and spatial scales of some typical Chinese cities i.e. Beijing, Jinan and Hefei which 
present different urbanization features are analyzed. It is found that there is indeed a close correlation between the 
fire situation and the urbanization level. Besides, some major causes of urban fires occurrence are illustrated. The 
results of this paper are hoped to provide some scientific supports for the fire planning in Chinese cities. At the stage 
when the urbanization level is lower and the urbanization process is relatively slower, like Changfeng County, the 
fire situation presents an average distribution in both spatial and temporal scale. At the stage when the urbanization 
level is lower but the development speed is accelerating, like Jinan and Hefei, the fire situation will tend to become 
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serious as the economy develops. When the urbanization level is quite high and steadily developing, like Beijing, the 
fire situation will tend to be moderating with the economic development. 
In addition, because Jinan and Hefei represent the current urbanization development of most Chinese cities and 
the fire situation in these two cities are of certain representation, this paper further analyzed the major causes of 
frequent urban fire occurrence based on the fire statistics of the two cities. The results indicate that in the period of 
accelerated urbanization process, the main causes of frequent occurrences of urban fires are electrical fires and 
careless use of fire in everyday life. It is hoped that this work can provide some scientific support for the urban fire 
planning and prevention measures. Particularly, in the cities where the urbanization process is continually 
accelerated, to recognize the correlation between the fire situation and the economic development as well master the 
main causes of frequent fire occurrence is of great significance for the city fire department to carry out scientific and 
efficient fire prevention and control work. 
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